Introduction
============

Despite recent advances in therapy for acute post-operative pain, \>80% of patients continue to experience distressing pain after ambulatory surgery ([@b1]). In order to achieve better post-operative pain relief, improve cost-effectiveness and enhance patient satisfaction, an integrative approach combining pharmacological methods and various complementary non-pharmacological analgesic techniques has been recommended ([@b2]). Auricular acupuncture (AA) is effective in treating pain syndromes from various origins ([@b3]--[@b5]). To our knowledge, there has been no randomized controlled trial (RCT) assessing the effectiveness of AA as a complementary therapy for the relief of acute pain in patients following ambulatory surgery. Therefore, before conducting a large RCT, we performed this study to assess analgesic requirements in patients who received real and sham AA after ambulatory knee arthroscopy (AKA). The results from this analysis could provide the power analysis for a subsequent RCT.

Methods
=======

Patients and Design
-------------------

After approval from the ethics committee, 20 patients consecutively scheduled for AKA under standardized general anesthesia without premedication were enrolled. Patients were not included if they had a history of opioid medication; were unable to understand the consent form or how to use a 100 mm visual analogue scale for pain measurement (VAS-100, where 0 mm = no pain, 100 mm = the worst pain imaginable); had a history of alcohol abuse, psychiatric disease, or both; had local auricular infection or significant auricular deformation; or had prosthetic cardiac valves. Patients were withdrawn from the study when surgery time exceeded 90 min, arthroscopy was limited to a diagnostic procedure or turned into open surgery, or the expected post-operative pain intensity owing to the type of surgery assessed *a priori* according to the post-operative pain score was \>5 ([@b6]).

Patients were informed that they would receive acupuncture at specific points or non-acupuncture points in addition to standard post-operative analgesia. They were divided into two groups by means of sealed envelopes on the day of surgery. Immediately after this, the acupuncturist performed AA of specific points (AA group) or a sham procedure (control group) according to allocation. Only the acupuncturist was aware of patients\' allocation between the study groups and had no further personal contact with them after acupuncture. The patients\' grouping was un-blinded after all data analysis had been completed.

Auricular Acupuncture
---------------------

AA was performed by two certified and experienced acupuncturists. Disposable permanent press steel 'Vinco' AA needles (Helio Medical Supplies, USA) were inserted before surgery, fixed with flesh-colored adhesive tape and retained *in situ* after surgery until the following morning. The needles had a diameter of 0.22 mm and were 1.5 mm long. The AA group received acupuncture at three specific acupuncture points ipsilateral to the surgery site: Knee joint, Shenmen and Lung ([Figure 1](#fig1){ref-type="fig"}). Non-acupuncture points of the helix ipsilateral to the site of surgery were used for the control procedure. The choice of the specific and sham AA points was based on principles described previously ([@b5]). The AA needles were kept in place until the following morning because this is the usual period of maximal post-operative pain after AKA. Localization of both the specific acupuncture points and the non-acupuncture points was confirmed using an electrodermal point finder (Neuralstift SVESA 1070, SVESA, Munich, Germany). This device detects zones of low skin resistance that correspond to acupuncture points ([@b7]).

General Anesthesia and Post-operative Care
------------------------------------------

Operations were conducted in the mornings and anesthesia was induced intravenously with propofol (1.5--2 mg kg^−1^) and continuous infusion of remifentanil (0.2 μg kg^−1^ min^−1^). *Cis*-atracurium (0.1 mg kg^−1^) was used to facilitate tracheal intubation. Lung ventilation with 40% oxygen--air mixture was mechanically controlled to keep end-tidal carbon dioxide at 4.5--5.3 kPa throughout the surgery. Anesthesia was maintained by continuous infusions of propofol (4--8 mg kg^−1^ h^−1^) to prevent spontaneous movements during surgery and to ensure that heart rate and mean arterial pressure were within 20% of baseline values. Anesthesiologists performing general anesthesia had no previous AA expertise but were instructed in how to stimulate AA needle sites. Stimulation was manually performed for 5 min by massaging the AA needles before tracheal intubation, during the most painful phase of the surgery (intra-articular installation of the arthroscope) and before extubation. Post-operative analgesia was provided on demand in the anesthesia recovery room using incremental boluses of weak opioid agonist piritramide 0.02 mg kg^−1^. We aimed at maintaining the patient\'s pain intensity at \<40 mm on VAS-100.

Patients were discharged from the recovery room according to standard discharge criteria after ambulatory surgery ([@b8]) and were instructed how to stimulate the AA needles at home by means of massage. They were encouraged to stimulate the needles for 5 min every time they experienced pain \>40 mm (VAS-100) and to take oral ibuprofen only 10 min after, if pain persisted. Ibuprofen was titrated in single 200 mg doses at intervals of at least 1 h, to a maximum of 1000 mg, until the follow-up examination. If, after receiving the maximum dose, the patients still experienced pain with intensity VAS \>40 mm, oral tramadol 50 mg at 1 h intervals, to a maximum of 200 mg, was allowed as rescue medication. The AA needles were withdrawn during the follow-up examination the next morning and the amount of ibuprofen and tramadol used (self-reported tablet count) was registered. The physicians from the orthopedic surgery department involved in the patient management and data collection were blinded to group allocation and had no previous AA expertise.

Measures of Outcome
-------------------

The primary endpoint consisted of the tablet count of post-operative ibuprofen taken between surgery and the follow-up examination self-reported by the patients the next morning. The secondary endpoints were pain intensity assessed by the patients on VAS-100 at rest before acupuncture, 30 min after tracheal extubation, on discharge from the anesthesia recovery room and during the follow-up examination; total piritramide requirement in the anesthesia recovery room between surgery and discharge; duration of general anesthesia, time from tracheal extubation to discharge and duration of night\'s sleep after surgery (in hours) self-reported during the follow-up examination; and the incidence of analgesia-related side effects (nausea and vomiting, sedation and pruritus). Heart rate and blood pressure were taken before and after the AA procedure, 30 min after tracheal intubation, 30 min after tracheal extubation and just before discharge.

Statistical Analysis
--------------------

Statistical analysis was performed using the SPSS 11.0 statistic package for Mac OS X (SPSS Inc., Chicago, IL USA). Normally distributed continuous data (patient characteristics, pain intensity on VAS-100, duration of general anesthesia and night\'s sleep, time to discharge, heart rate and blood pressure) were compared using the unpaired Student\'s *t*-test. Skewed data (total ibuprofen consumption, total piritramide requirement) were compared using the Mann--Whitney test. The Chi-square test was used to analyze the incidence of analgesia-related side effects. *P* \< 0.05 was considered statistically significant.

Results
=======

Characteristics of Subjects
---------------------------

All patients were Caucasians who had never previously received AA. The data for two patients were withdrawn from the final analysis because the arthroscopic procedure turned into open knee surgery and both were admitted to the in-patient orthopedic surgery department. Eighteen patients completed the study: 10 in the AA group and 8 in the control group. Their results were used for the final assessment ([Figure 1](#fig1){ref-type="fig"}). The differences between the groups in terms of age, weight, withdrawal rate and type of surgery were not significant. Sex distribution differed in the two groups: there were more women in the AA group and more men in the control group. *A priori* assessed intensity of post-operative pain according to the type of surgery during arthroscopy was similar in both groups ([Table 1](#tbl1){ref-type="table"}).

Comparison of AA and Control Groups
-----------------------------------

The AA group required less ibuprofen than the control group during the period between surgery and the following morning: median 500 versus 800 mg, *P* = 0.043 ([Figure 2](#fig2){ref-type="fig"}). Two patients from the control group who reached the maximum daily ibuprofen dose used tramadol in addition as a rescue analgesic. No patient from the AA group required rescue tramadol. The total amount of piritramide required by patients after surgery in the anesthesia recovery room before discharge was similar in both the AA and the control groups: median 3.75 versus 3.5 mg, *P* = 0.696. Pain intensity on VAS-100 was comparable in both groups, showing a trend toward being less in the AA group at all time-points registered ([Figure 3](#fig3){ref-type="fig"}). The duration of general anesthesia, the length of night\'s sleep and the time to discharge were similar in both groups ([Table 2](#tbl2){ref-type="table"}). Heart rate and blood pressure were similar in both groups during the course of monitoring (data not shown). Two patients from the AA group and two from the control group required a single dose of atropine (0.5--1 mg) because of hemodynamically relevant bradycardia. No patient reported side effects from pharmacological analgesia or AA.

Discussion
==========

We assessed post-operative analgesic requirements after AKA in patients who received AA applied to specific acupuncture points and in control patients, in whom acupuncture needles were inserted in non-acupuncture sites. In order to obtain reliable results in pain measurement using analgesic requirement as the primary endpoint, the titration of ibuprofen in 200 mg doses was used to achieve similar pain values on VAS-100 in both groups, as had been earlier recommended ([@b9]). A uniform general anesthesia scheme was run to exclude potential intra-operative confounding factors for the post-operative analgesic requirement. Reduced post-operative ibuprofen requirement and the decreasing trend of pain intensity the day following surgery compared with the sham procedure suggest an analgesic effect of AA applied to specific acupuncture points. The unequal sex distribution between the two groups (female prevalence in the AA group and male prevalence in the control group) might only have diminished the difference between the groups in terms of ibuprofen requirement (suggested analgesic effect of AA), since women experience more acute pain than men and they also require more non-steroidal anti-inflammatory drugs ([@b10],[@b11]). We hesitate to make a final conclusion concerning the analgesic effects of AA based on the widely spread data of this initial study ([Figure 2](#fig2){ref-type="fig"}). Nevertheless, these findings will assist in designing a large-scale RCT, in which groups will be balanced with regard to sex and age.

The AA procedure was safe. Some patients had transitory circulatory complications. We are reluctant to explain the cases of bradycardia with the auricular needle insertion, at least in patients from the control group. Vagal stimulation could have been produced only from the acupoint Lung, situated in the middle of the Concha, a well-known innervation zone of the vagal nerve ([@b12]). AA was easy to perform under peri-operative clinical conditions using permanent press needles, which were retained *in situ* for 24 h after surgery.

Our protocol was based on experts\' recommendations for acupuncture RCT, which follow CONSORT (Consolidated Standards of Reporting Trials) guidelines for the specific requirements of acupuncture studies ([@b13],[@b14]). The homogeneous group of patients and comparable nociceptive field of AKA, supported by *a priori* assessed expected post-operative pain intensity, were well suited to so-called formulaic AA. Using a particular pattern (prescription) of acupuncture points for all patients with a certain disease, formulaic acupuncture assures the methodological quality of the trial ([@b15]).

The choice of sham acupuncture (needling of non-acupuncture points) as a control procedure in our study is based on the fact that the cutaneous penetration of the needles always causes a physiological reaction, e.g. the triggering of neural pathways resulting in diffuse noxious inhibitory control ([@b16]). Indeed, it is well known that sham acupuncture produces an analgesic effect in 40--50% of patients, compared with 70% for true acupuncture ([@b17]). Clearly, this weak analgesic effect of sham acupuncture may diminish the comparative effect of AA applied to specific points when only two groups (real AA and sham) are compared. In order to estimate the genuine clinical effect of true acupuncture and the placebo effect of sham acupuncture, a third group with standard therapy (without acupuncture) is needed.

To strengthen the reliability of the data, the success of the blinding of patients should be tested in further studies. We presumed that the evaluator in our study was successfully blinded since the pattern of specific AA points could not be distinguished from the sham pattern on the auricular helix. The tape used to attach the AA needles was flesh colored and was barely noticeable on the auricular surface. Nevertheless, we believe that in order to increase the quality and data reliability of future studies, evaluator blinding should also be tested. In order to minimize the influence of intra-operative factors on the post-operative analgesic requirement, the depth of general anesthesia should be monitored and corrected using the measurement of bispectral index and patients\' core temperatures ([@b18],[@b19]). The findings of our study suggest that AA shows promise for reducing analgesic requirement after AKA. Large-scale randomized investigation of this treatment modality will follow. As recently emphasized for this approach and others, there is still a need for more in-depth analyses that document a biological basis for acupuncture analgesia ([@b20],[@b21]).
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![Flow diagram showing specific and sham auricular acupuncture points (non-acupuncture points of the helix) used in the study.](neh097f1){#fig1}

![Post-operative ibuprofen requirement between surgery and the follow-up examination the next morning, as a box plot. The thick horizontal lines are median values. The outlier represents the patient from the control group who required only 400 mg ibuprofen. \**P* = 0.043.](neh097f2){#fig2}

![Pain intensity on a visual analogue scale (VAS-100) measured before and after surgery, on discharge from the anesthesia recovery room and during the follow-up examination the next morning. Hatched bars: patients who received true auricular acupuncture; empty bars: control group with sham acupuncture as mean ± standard deviation. The differences are not significant.](neh097f3){#fig3}

###### 

Patient characteristics

                                                                   AA group (*n* = 10)   Control group (*n* = 8)
  ---------------------------------------------------------------- --------------------- -------------------------
  Age (years)[\*](#tf1-1){ref-type="table-fn"}                     33 ± 13               45 ± 15
  Weight (kg)[\*](#tf1-1){ref-type="table-fn"}                     79 ± 19               89 ± 17
  Body-mass index (kg m ^2^)[\*](#tf1-1){ref-type="table-fn"}      27.1 ± 6.1            28.1 ± 6.4
  Sex, male/female[†](#tf1-2){ref-type="table-fn"}                 4/6                   5/3
  Withdrawn from study[†](#tf1-2){ref-type="table-fn"}             1                     1
  Type of surgery                                                                        
      Partial synovectomy                                          2                     2
      Meniscus resection                                           3                     3
      Lateral release                                              4                     3
      Debridement                                                  1                     
  *A priori* assessed pain score[+](#tf1-3){ref-type="table-fn"}   4 (3--5)              4 (3--4)

AA = auricular acupuncture.

^\*^Mean 6 standard deviation.

^†^Number of patients.

^+^Median (interquartile range).

###### 

Main results

  Outcome measures                                                        AA group (*n* = 10)   Control group (*n* = 8)   *P*
  ----------------------------------------------------------------------- --------------------- ------------------------- -------
  Duration of anesthesia (min)[\*](#tf2-1){ref-type="table-fn"}           68 ± 12               62 ± 11                   n.s.
  Time to discharge (min)[\*](#tf2-1){ref-type="table-fn"}                122 ± 65              120 ± 53                  n.s.
  Night sleep (h)[\*](#tf2-1){ref-type="table-fn"}                        5.8 ± 1.6             6.3 ± 2.8                 n.s.
  Piritramide requirement (mg)[†](#tf2-2){ref-type="table-fn"}            3.75 (0--7)           3.5 (0--5)                n.s.
  Total ibuprofen (mg)[†](#tf2-2){ref-type="table-fn"}                    500 (200--800)        800 (800--1000)           0.043
  Tramadol[+](#tf2-3){ref-type="table-fn"}                                0                     2                         n.s.
  Pain intensity (VAS-100) at follow-up[†](#tf2-2){ref-type="table-fn"}   4 (0--25)             25 (19--29)               n.s.

AA = auricular acupuncture.

^\*^Mean 6 standard deviation.

^†^Median (interquartile range).

^+^Number of patients.

n.s. = not significant.
